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Experimental Section
IAMF setup operation: The IAMF setup (IamFluidics BV) was equipped with tapered nozzles (31-33 gauge) that were connected to plastic syringes (5 or 10 ml with Luer-Lok) using fluorinated ethylene propylene tubing (FEP, inner diameter 500 µm) and Polyetheretherketone connectors. Low-pressure syringe pumps (neMESYS, Cetoni) were used to control the flow rate. The IAMF setup's piezoelectric nozzle actuator was operated using a 20 Vpp square wave with a frequency between 1 and 15 khz, which was fine-tuned at the beginning of every experiment to obtain optimal microjet breakup. The microjets were aligned using the IAMF setup's micrometer-precision multi-axes adjusters, and microjet coalescence and breakup were confirmed by visual inspection via the setup's high-speed microscope camera (Movie S1).
Jet coalescence visualization:
The high-speed microscopic images of coalescing and encapsulating drops and microjets were recorded using a previously described stroboscopic visualization setup. 1 In short, an Nd:YAG laser with a pulse duration of 6 ns was directed onto a fluorescent diffuser to generate a homogenous background illumination. A camera (PCO Sensicam QE) with a shutter time of 400 ns was synchronized with these flashes to capture high-resolution snapshots of the experiments. For fluorescent imaging (Figure 1d ), rhodamine B (Sigma Aldrich) was added to one of the two microjets.
Janus microparticle production and analysis: Janus microparticles were produced by ejecting and coalescing two microjets that contained 0.5% (w/v) sodium alginate (80 to 120 drop-jet and jet-jet coalescence and prevent 'stretching separation' effects that may result from head-on collisions. 2 For fluorescent visualization and analysis, 0.1% (w/v) red or green fluorescent nanoparticles (polystyrene 600 nm, Thermo Fisher Scientific) was added to the alginate containing precursor solution. The microgels were collected in 0.2M CaCl 2 containing H 2 O. Microgels and microfibers were visualized using fluorescence microscopy (EVOS FL) and size distributions were determined using the 'imfindcircles' function in
Matlab. Cross-sectional fluorescent intensity plots were obtained using ImageJ. To produce paramagnetic Janus microparticles, 0.25% (w/v) amino superparamagnetic microparticles (1-2 µm, Polysciences GmbH) were added to the alginate containing precursor solution. To produce multi-enzymatic microreactors, 10 U/ml horseradish peroxidase (HRP, type VI, Sigma Aldrich) and 250 U/ml glucose oxidase (GOX, from Aspergillus niger, Type VII, Sigma Aldrich) were added to the alginate containing precursor solution.
Magnetic steering of microparticles: Paramagnetic Janus microparticles were manually steered using a neodymium magnet (5 x 25 mm cylinder, grade N48) from a distance of ~1mm, which resulted in a magnetic field B ~ 0.25 T. Particle trapping and steering experiments under continuous flow conditions were performed in a fluidic co-flow chip, which was composed of a channel (500 µm wide, 250 µm high) that was connected to three inlets (Movie S2).
Microfluidic co-flow chip: Particle trapping and steering experiments under continuous flow conditions were performed in a microfluidic co-flow chip, which was composed of a channel (500 µm wide, 250 µm high) that was connected to three inlets. The chip was fabricated from polydimethylsiloxane (Sylgard 184, Dow Corning) and glass microscopy slides using standard soft lithography techniques and connected to plastic syringes (5 ml with
Luer-Lok) using FEP tubing. Three low-pressure syringe pumps were operated at a flow rate of 10 µl/min to generate a laminar triple co-flow (Reynolds number Re ~ 1, V ~ 4 mm/s).
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Diluted red and yellow ink were used to visualize the triple co-flow. The paramagnetic Janus microparticles were steered by manually positioning the magnet atop the co-flow device. Onchip microphotographs and videos were recorded using a stereomicroscope set-up (Nikon SMZ800 equipped with Leica DFC300 FX camera). This approach enables on-the-fly generation and manipulation (e.g., solidification) of monodisperse Janus microdroplets at jet speed, which is intrinsically 10-100x faster as compared to on-chip dripping.
Multi-enzymatic cascade reaction:
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